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Polycarbosilane (PCS) is an important precursor in productions of silicon carbide 
(SiC) based ceramics and ceramic fibers. Melt spinning is a key step in fabrication process 
of SiC ceramic fiber. It is, therefore, significantly important to understand the rheological 
properties of PCS melt. However, the rheological properties and molecular structures of 
PCS remain unclear due to its low molecular weight, complicated molecular structures and 
sensitive to environmental conditions. Presently, the practical processing conditions for 
melt spinning have been selected mainly by empirical methods. Little information about 
melt spinning parameters based on theoretical foundation and scientific basis is available. 
In this work, an effort was directly made to investigate the rheological properties of PCS at 
molten state and to explore the relationship between microstructure and rheological 
properties with the precise determination of PCS molecular structure. 
A series of PCS specimens were prepared by heat treatment of PCS raw materials. A 
simplified and improved quantitative analysis method was used to more precisely obtain 
the quantitative information of Si−C linear and ring segments based on the experimental 
results of elemental analysis and 1
The results revealed that the molecular structure of PCS were composed mainly of 
Si−C ring segments with the most of ring segments and less linear segments. The chemical 
bonds were not influenced, but the relative portions of ring segments were increased after 
heat treatments. This implied that the aggregation structure of PCS became more compact, 
which increased the resistances among the movements of segments. The average molecular 
weights of condensed ring, single ring and linear average segment were determined to be 
270,168 and 55, respectively. The average molecular chain consisted of 8~9 average 
H NMR. The concepts of average segment and average 
molecular chain were introduced to describe the complex structure of PCS. On the basis of 
confirmed bonds fracture and free radicals, an aggregation structure model for PCS at 
molten state was established. By applying both the determined molecular structure and 
suggested aggregation structure model, the effect of microstructure on the rheological 















segments. Large amounts of stable but different sized and shaped linear, single ring and 
condensed ring segments constituted the aggregation structure of PCS melt through 
complicated connections and configurations. The shear stress of PCS melt presented 
non-monotonic change with shear rate, and the range of stress dropping was an exponential 
decay with the increase in the ratio of ring to linear unit. The relation of viscosity with 
shear rate was fitted by Carreau-Yasuda equation. The obtained rheological parameters of 
zero shear viscosity, infinite shear viscosity, relaxation time and flow index all showed 
exponential growth with the ratio of ring to linear unit. Two extreme values of were 
presented in vGP plots, The minimal and maximum values of phase angle decreased and 
increased linearly with the ratio of ring to linear unit, respectively. 
 












































红外光谱（fourier transform infrared spectroscopy，FT-IR）、核磁共振（nuclear magnetic 
resonance，NMR）、紫外光谱（ultraviolet and visible，UV）、X射线光电子衍射（X-ray 
photoelectron spectroscopy，XPS）等方法判断其基本基团及其分子链结构等。 


































的结构保持不变。表 1.1为数均分子量 803g/mol及分散系数 4.16的PCS经不同溶剂浸
提后得到的分子量，可见，溶剂浸提法可有效地调节PCS的分子量及分布。 
 图 1.2 为PCS典型的红外谱图[11]，波数范围在 4000~400cm-1属于中红外光谱范
畴，其中，聚二甲基硅烷（polydimethylsilane, PDMS）为Yajima型聚碳硅烷的合成原



















表 1.1 PCS 经不同溶剂浸提后的数均分子量及分子量分布[13]





Solvent Mn PDI  (g/mol) 
1 原料 803 4.16 
2 甲醇 891 3.88 
3 二甲基甲酰胺 1004 3.53 
4 乙二醇单甲醚 1010 3.55 
5 无水乙醇 1487 2.81 
6 乙二醇单乙醚 2120 2.34 
7 异丙醇 2300 2.19 
8 甲酸乙酯 2472 2.12 
9 乙酸甲酯 2664 2.00 

























表 1.2 PDMS、PC-470及PC(280)的典型红外特征峰[11, 14]






PDMS PC-470 PC(280) 
H2 3400, 1600 O   
C−H stretch 2950, 2900 2950, 2900 2950, 2900 
Si−H stretch  2100 2100 






CH2   wag 1020 1020 
Si−H   955 
Si−CH3 828  rock 828 828 




































分别对H、C和Si三种元素的成键状态进行表征。图 1.3(a)为PCS 1H NMR谱图，其中
化学位移在 4.4 ppm附近为SiHx(x=1,2,3)峰，在 0ppm附近为CHx(x=1,2,3)峰，通过面
积积分，可以得到PCS中的Si−H键和C−H键含量的比值。图 1.3(b)为PCS的13C NMR














图 1.3 典型的PCS核磁谱图[10, 11]
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